In the reversed-phase chromatography, the retention time of sample was investigated based on the molecular structure of compound. Several descriptors that were related to retention factors were selected, and then the values of descriptors were calculated with several softwares. The effect of retention factor was measured with calculated values, and the results were obtained that each descriptors of molecular structure of compound have different effect on the retention factor. Therefore, the empirical equation for seven types of descriptors considered was obtained, and it has high values of correlation coefficient. Furthermore, the experimental data and calculated values have good agreement.
Introduction
In the separation process using chromatography, the retention time of sample in column is an important parameter. The retention time of sample in column was determined by various parameters. 1 To predict the accurate retention time, complex equation should be calculated. Several researchers have proposed empirical equation of simple type for predicting retention time, previously. 2 In the liquid chromatography, the empirical equations related to the contents of organic modifier in mobile phases were mainly proposed. It has advantage of prediction of retention time with content of organic modifier, but it has disadvantage as to apply various empirical equations with sample. For this reason, the study that predicting retention time based on different structures of samples is performed. 3 While quantitative structure activity relationships (QSAR) connect a variety of biological and medicinal properties to molecular structure, quantitative structure property relationships (QSPR) relate physicochemical properties such as boiling point, solubility, and partition coefficients to molecular structure. 4, 5 And it was quantified the connection between the structure and retention property of molecules and allow the prediction retention parameters of solute using molecular structure parameters. The retention of a solute in chromatography is determined by different kinds of interaction among the stationary phase, the mobile phase and the solute molecules, such as dipole/dipole interaction, dipole/ induced interaction, dispersion interaction, etc. The kind of interaction depends on the structure and properties of the stationary phase, the mobile phase and the solute molecules. 6 There were several studies on the prediction of physicochemical properties for organic compounds by the linear logarithm relationship between the retention factors and physicochemical properties of the targeted compounds. 6 In this study, the retention factors of nucleic acids were assumed to be governed by their several descriptors such as water solubility, polarizability, solvation free energy, Wiener index, molar refractivity etc. The research of the correlation relationships between descriptors and the chromatographic retention factors of nucleic acids were the purpose of this work. The correlations were established by the empirical equations. The retention factors of 2'-deoxyribonucleosides and deoxynucleotides were demonstrated to validate the feasibility of the correlations.
Experimental Section
Reagents. The standard chemicals of 2'-deoxynucleoribosides (dCyd, dUrd, dGuo, dThd, dAdo) and deoxynucleotides (5'-UMP, 5'-IMP, 5'-GMP, 5'-TMP) as shown in Figure  1 were purchased from Sigma (St. Louis, MO, USA) and Fluka (St. Louis, MO, USA). The HPLC grade methanol used was purchased from Duksan Co. (Seoul, Korea). The chromatographic column (3.9 × 300 mm) used was packed with C18 (15 µm, Merck, Germany). The sodium phosphate monobasic for buffer solution was purchased from Yakuri PureChem. Co. (Osaka, Japan). Water was filtered by a Milipore ultra pure water system (Milipore, Bedford, MA, USA).
Sample Preparation. 2'-deoxynucleoribosides and deoxynucleotides each were dissolved in water and the concentration was 1 mg/mL each. A constant injection volume (20 µL) was used throughout the experiment.
Apparatus and Methods. The HPLC system was equipped with Waters 600S solvent delivery system including 616 solvent delivery pump and 600S controller and the 2487 UV dual channel detector, an injector (0.02 mL sample loop) of Rheodyne injector (Waters, Milford, MA, USA). The data acquisition system was Millenium32 (Waters) installed in a HP Vectra 500 PC. The mobile phases were composed of 8.9 mM of sodium phosphate buffer solution and methanol, and it was performed isocratic elution as 90/10(vol. %). The mobile phases were degassed with helium. The flow rate of mobile phase was 1 mL/min. The UV wavelength was fixed at 254 nm. And all experiment was performed at room temperature. The hold -up time was measured as retention time of 0.02 mL of acetonitrile.
Theoretical Background
A. Retention Factor. The retention factor can be calculated according to Eq. (1). (1) where, tM is the hold-up time, tR is the retention time, k is retention factor.
B. Physicochemical Descriptor. The physicochemical descriptor was calculated with HyperChem 7, 8 and Pre-ADME. The value of polarizability(α) of standard chemicals was calculated according to a semi-empirical method, in HyperChem, and the calculation of water solubility and solvation free energy were performed with PreADME.
Polarizability: Polarizability(α) is the ease of distortion of the electron cloud of a molecular entity by an electric field (such as that due to the proximity of a charged reagent). It is the ratio of induced dipole moment (µ ind ) to the field (E), (2) In ordinary usage the term refers to the "mean polarizability", i.e., the average over three rectilinear axes of the molecule. Polarizability is seen in certain modern theoretical approaches as a factor influencing chemical reactivity, etc.
Water solubility: Water solubility (log S), also known as aqueous solubility, is the maximum amount of a substance dissolved in water at equilibrium at a given temperature and pressure. Water solubility values are usually expressed as moles of solute per liter. Water solubility has been correlated to various chemical parameters used to determine the fate of chemicals in the environment.
Solvation free energy:
To estimate the solubility of the metabolizable substance of component, water solvation free energy was usually used. It is the sum of each atom parameter divided from atom type in molecular and defined as, (3) where, n i is the number of atoms of type i, a i is the atomic log S contribution.
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C. Geometrical Descriptor. Topological polar surface area (PSA) was calculated with PreADME. Relation to the molecular absorption, PSA is used to estimate molecular transport properties recently. PSA is defined the sum of the polar atoms in one molecular. Polar atom type and atomic parameter were invented by Peter Ertl et al..
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D. Electronic Descriptor. The dipole length was calculated with Chem-Office. 11 It was determined by the dipole moment. The dipole moment is the first derivative of the energy with respect to an applied electric field. It measures the asymmetry in the molecular charge distribution and is reported as a vector in three dimensions. The dipole length is the summarized vector of three dimensions. If the branches have narrow dimension, calculated dipole length will be high, if wide enough to be a plane, the value is 0. E. Thermodynamic Descriptor. The molar refractivity was calculated with HyperChem. The molar refractivity is the molar volume corrected by the refractive index. It was represented by size and polarizability of a fragment or molecule. The molecular refractivity can be rewritten as follows, (4) Where n is the refractive index, M is the molecular weight and d is the density.
F. Topological Descriptor. Topological descriptor was selected Wiener index. The Wiener index (w) is one of the oldest molecular-graph-based structure descriptors and its chemical applications are well documented. 12 If G is a molecular graph, u and v are two vertices of G, and d(uv/G) is the distance between them value of edges in a shortest path connecting u and v, then the Wiener index is defined as,
It is summarized over all pairs of vertices of G. The fact that there are good correlations between varieties of physicochemical properties of organic compounds (boiling point, heat of evaporation, heat of formation, chromatographic retention times, surface tension, vapor pressure, partition coefficients, etc.) could be rationalized by the assumption that W is roughly proportional to the Van der Waals surface area of the respective molecule.
G. Regression. The regression equation is formed as follows, (6) Where, D is descriptor, and a is each coefficient of descriptor, i is number of descriptor, respectively. The regression equation was obtained by correlating the experimental data of retention factors with the calculated all descriptors through linear regression analysis.
H. Standard Deviation. The standard deviation (σ) was defined as, (7) Where x is the average of all the experimental values. x k is the one of the experimental value. If the standard deviation is 0, the observations have same values. In the case that standard has higher values, the observation has the error with average. Therefore, the standard deviation was described degree of distributions of observations.
Results and Discussion
In this paper, the quantitative relationships between the chromatographic retention factor of nucleic acids and several descriptors are studied. All nucleic acids were divided into four groups: pyrimidines with phosphate group (I), pyrimidines without phosphate group (II), purines with phosphate group (III), purines without phosphates group (IV). Retention factors of each component were calculated with Eq. (1). The retention factors and calculated physicochemical properties of nucleic acids were listed in Table 1 .
In the liquid chromatography, the descriptors that affect retention factor were researched. The retention factor was related to several parameters such as particle size and pore size of stationary phase and the composition of mobile phase. Generally, the particle size and type of the stationary phase was determined at the beginning of the experiment. So it was important to determine composition of the mobile phase for the reason that the retention factor of sample was caused by interaction between sample and mobile phase in the surface of stationary phase. The difference of affinity of sample is caused by the polarity of mobile phase and molecular structure of sample, which influences the retention time of samples. Therefore, 12 descriptors that related properties of sample were selected. In the case the descriptors were calculated, they were considered the arrangements of molecule and structure of compound. Because the chemical bond was flexible, the structure of compound was varied. As result, the calculated values of the descriptors would have different values. Therefore, the lowest energy conformation of each structure calculated using the HyperChem was used to analyze the effect of descriptors. To investigate the effect of descriptors on retention factor, the standard deviation was calculated. When standard deviation of descriptor has high values, it has influence on retention factor more than other. The seven descriptors were selected according to the standard deviation from large to small ranking. It was shown in Table 1 . More influence of the descriptors on retention factor had the correlation coefficients of empirical equation was higher value. Therefore, the effects of descriptor on retention factors were investigated by correlation coefficients. Two descriptors were selected and then linear equation was obtained. In order to study the correlation coefficient the effect of polarizability, water solubility and molar refractivity was investigated. It could be said that the correlation coefficient of linear empirical equations which was considered polarizability, molar refractivity have higher value in the group of I, II and III, IV. And the correlation coefficients of empirical equations have lower values in the phosphate (III, IV). But, empirical equation that the dipole length and topological PSA was considered has high values of correlation coefficient. According to the results, it was obtained that the descriptor of each group has different effect on retention factor. Therefore, the empirical equation for Table 2 ), the a few value of correlation coefficient was above 0.9, as shown in Table 2 . In this case, the experimental data was good agreement with theoretical values. When the numbers of descriptors were six (Eq. No. 1-6 in Table 2 ), the values of correlation coefficient of almost empirical equations were higher. When the number of descriptors was seven, the value of correlation coefficient of empirical equation was above 0.97. Moreover, the experimental data and theoretical values have good agreement, as shown in 
Conclusion
Several descriptors were selected according to the standard deviation to forecast the retention factor. The effect of retention factor was estimated with calculated values, and the results showed that each descriptor with different molecular structure has different effect. The empirical equation was estimated from two to seven types of descriptors, respectively. When seven types of descriptor were used, a higher value of correlation coefficient of the empirical equation was obtained. Furthermore, the experimental data and the theoretical values have good agreement.
